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[57] ABSTRACT

The turret on a slide of a machine tool 1s indexible be-
tween a plurality of positions in a sequence which 1is
selected by a program. The apparatus for effecting the
indexing of turret has a control unit wherein a hydrau-
lic motor can rotate an indexing shaft at different
speeds which are determined by the reciprocable
spool of a valve regulating the flow of hydraulic fluid
from the motor. The spool can be biased against a
cam on the indexing shaft by a spring and can be re-
tracted by an electromagnet which 1s controlled by a
decoding unit having several cams on a camshaft
which is driven by the turret and several switches
which are adjacent to the camshaft. The decoding unit
selects the direction of rotation of the motor so as to
insure that the indexing of turret from a preceding po-
sition to the next-following position does not involve a
rotation through more than 180 degrees, and the de-
coding unit further determines the timing of deener-
gization of the electromagnet to thus enable the spring

~ to urge the spool against the cam on the indexing shaft

immediately before a follower of the spool is in regis-
ter with a notch machined into the periphery of the

- cam on the indexing shaft and bounded by a surface

which effects gradual deceleration of the motor to
zero speed. The turret 1s automatically unlocked from
the slide prior to starting of the motor and is automati-
cally locked to the slide when the motor is arrested.

17 Claims, 6 Drawing Figures
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APPARATUS FOR EFFECTING AND < *
CONTROLLING THE INDEXING OF TOOL.
- TURRETS IN MACHINE TOOLS

BACKGROUND OF THE INVENTION

- The present invention relates to apparatus for effect-
‘ing and controlling the movements .of one or more
components to a-plurality of preselected positions,
especially to apparatus for effecting and controlling
angular movements of turrets or analogous tool sup-
portmg devices in machine tools to a plurality of posi-
tions In accordance with a predetermined program.
The apparatus of the present invention can be utilized
to effect and control the indexing of a tool turret which
18 mounted on a slide or carriage in ‘a machine tool
wherein a workpiece is rotated by a work spindle and
can be treated by a plurality of tools in a predetermined
sequence which necessitates repeated indexing of the
turret to preselected angular positions in which certain
tool or tools are in an optimum pesrtlon with respect to
the workplece S B

[t 1s already known to utilize in a machine tool a
computer or analogous programming means which can
be set to automatically determine or select the move-
ments of a turret or an analogous indexible tool sup-
porting device to a series of predetermined angular
positions. It is also known to.utilize in such machine
tools control apparatus which are responsive to signals
from the programming means and serve to effect the
‘movements of turret to successive angular positions.

The commonly owned German Offenlegungsschrift
No. 2,110,147 discloses a control apparatus having
means (hereinafter referred to as decoding unit) which

insures that the turret can be indexed from a preceding
position to the next position within a short interval of
time by selecting the direction of rotation of the turret
in such a way that the latter need not be indexed
through more than 180° For example, and assuming

2

ial with the cams of the decelerating umt and the four

switches of the decoding unit are aligned with the four

switches of the decelerating unit. The cams rotate with

the turret and. together constitute an elongated cam .
drum o | ‘ |
The axial length‘ of the drum i1s substantial so that it

must be taken into consideration in dimensioning of the
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that the turret is indexible between eight predeter- 40

mined positions whereby the angular'displaeement of
the turret from any one of the eight positions to one of
the two neighboring positions involves rotation through

an angle of 45°, the decoding unit insures that the turret
can reach any selected position by rotating through an

angle of 180°, 135°, 90° or 45°. - -

The apparatus of the German Offenlegungsschrlft
No. 2,110,147 further comprises a control unit which
includesmeans-for indexing the turret and comprises a
prime mover and at least one control element capable
of regulating the speed ‘of the prime mover so that the
turret 1s rapidly indexed from the preceding position
toward the next position but its speed is reduced shortly
- before it reaches the next position ‘whereupon the
speed of the prime mover decreases gradually to zero
speed which is reached at the 'exact moment when the
turret assumes the next position. = |

A drawback of the:apparatus which is described in

~the just discussed German publication is that it must
further comprise a relatively complex and bulky decel-
erating unit which serves to determine when the speed
of the prime mover for the indexible turret is to be
- reduced from a higher to a lower speed. The decoding

and decelerating units reqpectwely comprise a plurality -

of discrete cams which can actuate electric switches.
For example, each of these units can comprise four
~ discrete rotary cams and four limit switches whereby
- the cams of the decoding unit are adjacent to and coax-
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turret, i.e., the body or housmg of the turret must be
made larger for the specific purpose of accommodating
the cams of the decoding and decelerating units.
Furthermore, the components of the decelerating
unit _eon_,tnbute significantly to the initial and mainte-
nance cost of the control apparatus. The positions of
switches of the decelerating unit relative to the respec-
tive cams must be selected and maintained with an
extremely high degree of accuracy so that such work
must be performed by skilled operators. The construc-
tion of the control apparatus, especially of the afore-
mentioned control element which effects the decelera-
tion of prime mover for the turret to zero speed, also
contributes excesstvely to the initial and maintenance
cost of the control apparatus. The control element is a
rotary valve member which must be machined and
mounted. with utmost precision in order to insure that
the turret is invariably arrested at the exact moment
when 1t assumes one of the predetermined angular
posrtlons The rotary valve member comprises a ring
which is rigidly mounted on the shaft of the turret and
is provided with a plurality of pairwise arranged bores,

‘one pair for each angular position of the turret. Each

bore is parallel to the axis of the shaft for the turret.
The bores of each pair are connected to discrete con-
duits for a hydraullc fluid, e.g., oil, whereby the fluid
which is admitted via one bore of each pair effects
clockwise rotation and the fluid which is admitted via
the other bore of the respective pair effects counter-
clockwise rotation of the turret. The angular spacing of
such bores must be highly accurate which is difficult to
achieve, especially when the diameter of the ring is
relatively small and also because the ring is likely to be
distorted 1n response to changes in temperature. Even
extremely minor deviations of the position of one or
more bores from a predetermined position will affect

‘the accuracy with which the turret is indexed to one or

more angular positions with respect to-its slide or car-
rier. When the speed of the prime mover for the turret
1s reduced, one or more bores in the aforementioned
ring of the control element register with a stationary
throttling passage which is connected with a conduit
for return flow of hydraulic fluid at atmospheric pres-
sure. Gradual deceleration of the prime mover to zero
speed takes place as a result of the flow of hydraulic
fluid through a portlcm of the aforementioned passage
whose cross-sectional area decreases gradua]ly The
just described control unit of the control apparatus is
quite expensive and prone to malfunction, e.g., if the
fluid contains solid impurities. Moreover, the control
unit occupies a substantial amount of space which must
be provided in addition to the space for the component
parts-of the aforediscussed decoding and deceleratmg
untts. As a rule, the turret is too small to accommodate
all three units of the just described control apparatus so
that several components of such units must be mounted
on and/or adjacent to the shaft for the turret outside of
the housing or body of the turret.
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SUMMARY OF THE INVENTION

An object of the invention is to provide a relatively
51mple compact and inexpensive but reliable apparatus
for effecting and controlling the movements of a com-
ponent to successive ones of a plurality of predeter-
mined positions, particularly for effecting and control-
ling angular movements (indexing) of a turret or an
analogous too! supporting device in a machine tool
between a plurality of successive positions which are
selected in accordance with a predetermined program.

- Another object of the invention is to prowde a con-
trol appdratus which can be readily installed in a slide
or carriage for an indexible tool turret in a programmed
single-spindle automatic or another machine tool.

A further object of the invention is to provide a con-

trol apparatus which need not be provided with dis-
crete decelerating means for the prime mover which
moves the turret or an analogous component between a
plurality of predetermined positions and wherein the
decoding unit is capable of performing a plurality of
functions Including selecting the shortest route for
moving the component between any two positions as
well as timing the deceleration of prime mover shortly
or- immediately before the component completes its
movement from a preceding to the next-following posi-
tion. -
“An dddltlona] Ob_]ECt of the invention is to prov:de a
control apparatus which can automatically lock the
component In a newly selected position or automati-
cally-unlock the component prior to starting the prime
mover which moves the component from a precedmg
to the next-following posmon

The improved apparatus is demgned to effect and

contro! the movements of a component to successive
ones of a plurahty of different predetermined positions,
partlcularly to effect and control angular movements of
a turret or an analogous tool supporting device with
- respect to a'slide or carriage in a machine tool to a
~ plurality of successive positions which are selected in
accordance with a predetermined program (e.g., by
resorting to a digital computer). The improved appara-
tus comprlses basmally a control umt and a decodmg
unit.. |

The control unit comprises a prime mover (e.g., a
hydraulic motor) which 1s rotatable clockwise and
counterclockwise at a plurality of different speeds, an
output member (e.g., a shaft which can index the com-
ponent) which is rotatable by the prime mover, a gear
transmission or analogous means for transmitting mo-
tion (preferably torque) from the output member to
the component, speed regulatmg means for the prime
mover including a cam which 'is driven by the output
member (the cam may be a disk cam which is affixed
directly to the output member), a control element

(e.g., the reciprocable spool of a valve which controls
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the flow of hydraulic fluid from the prime mover to a

tank or the like) which is movable between a first end
position (valve fully open) in which the prlme MOVeEr 1S
free to rotate the output member at a maximum speed
~and a second end position (valve closed) in which the
prime mover is arrested, means (e.g., a spring) for
blasmg the control element against the cam (the latter
includes a portion which effects a gradual movement of
the control element to its second end position under
the action of the biasing means while the cam is rotated
by the output member), and disengaging means (e.g., a

spring) for biasing the control element against the cam

60

635
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(the latter includes a portion which effects a gradual
movement of the control element to its second end
position under the action of the biasing means while the
cam Is rotated.by the output member), and disengaging
means (e.g., an electromagnet) which is operable to
move the control element to the first end position.

The decoding unit comprises means for selecting the
direction of rotation of the prime mover so as to effect
a movement of the component from a preceding posi-
tion to the next-following position along the shorter of
two possible routes including clockwise and counter-
clockwise rotation of the prime mover, and means for
automatically timing the deceleration of the prime
mover from the maximum speed. The timing means
comprises means for deactivating the disengaging
means to thus enable the biasing means to move the
control element of the speed regulatin g means from the
first end position.

If the component is 1ndex1b]e between its predeter-
mined positions about a predetermined axis, the output
element is preferably a rotary shaft whose axis may be
parallel to the axis of the component. The control ele-
ment 1s preferably (but need not be) spaced apart from
the cam of the speed regulating means when 1t assumes
the first end position under the action of the disengag-
mg means. |

 The novel features which are con31dered as charac-
teristic of the invention are set forth-in particular in the
appended claims. The improved control apparatus it-

self, however, both as to its construction and its mode
of operation, together with additional features and
advantages thereof, will be best understood upon pe-

rusal of the following detailed description of certain
specific embodiments with reference to the accompa-

nymg drawing.

~ BRIEF DESCRIPTION OF THE DRAWING

- FIG. 1 1s an axial sectional view of a tool turret and a
fragmentary longitudinal vertical sectional view of a
slide which supports the turret, and further showing

certain parts of the decoding and control units which

form part of the improved apparatus;
- FIG. 2 15 a diagrammatic view.of the fluid- operated

and fluid flow regulating parts of the control apparatus;
FIG. 3 1s a schematic developed view of certain parts

of the decoding unit;

FIG. 4 1s a schematic view of a modified decoding

unit; | - |

FIG. S 1s a table showmg in blnary code the condi-

tions of various relays in the electric circuit of the con-

trol apparatus for each position of the turret; and
FIG. 6 is a circuit diagram of the control apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

F1G. 1 shows a portion of a machine tool whose con-
struction may be similar to that of the machine tool
shown in FIG. 1 of German Oﬁ'enlegungsschrift No.

2,110,147, The machine tool comprlses an. indexible

tool support or turret 10 which is secured to, indexible
and axially movable with respect to, and dlsplaceable
with the housing 12 of a main slide or carriage 14 cor-
responding to the slide 4 shown in FIG. 1 of the Ger-
man publication. The slide 14 is movable axially and

transversely of a rotary work.Spmdle (not shown)

which 1s assumed to be located to the left of the turret
10. Prior to indexing, the turret 10 must be shifted
axially of the housing 12 by an operating means (in a
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dll‘BCt]Ol’l to the left, as viewed in FIG. 1) in order to
disengage a locking device including a stationary ring
gear 52 on a plate 38 secured to the front side of the
housing 12 and a coaxial complementary ring gear 54
at the rear side of the turret 10. The ‘machine tool is
operated in accordance with a program selected by a

| 6
- The indexing shaft 56 for the turret 10 is rotatable by

a hydraulic motor 58 which is connected with a direc-
tional control valve 88 (FIG. 2) by conduits 66 and 68.

~ As menttoned above, the indexing shaft 56 is parailel to

suitable digital computer. The computer determines

the sequence in which the turret 10 is to be moved toa
series of different angular positions in'which the turret
maintains selected material-removing tools in an opti-
mum position with respect to ‘a workpiece which is
clamped to the rotating work spindle." The selected
tools can be caused to penetrate into the rotating work-
piece in response to axial or transverse displacement of
the shide 14, i.e.,
in a direction to right or left or in a direction at right
angles to the plane of FIG. 1. The means for effeetmg
the indexing movements of turret 10 to successive an-
gular positions with respect to the housing 12 of the
slide 14 comprises a control unit 16 and a decoding
unit 18, both mounted at least in part in the Interior of
the housing 12.

The turret 10 is indexing between elght dlfferent
angular positions with respect to the housing 12 and
comprises eight sets of tool holders 20, 24. The tool

holders 20 are fixedly secured to the body of the turret

10 and carry removable tools 21. The tool holders 24
are rotatable with respect to the turret 10 and can be
connected with drills 26, thread cutters or analogous
rotary material removing tools. In the illustrated em-
bodiment, the axes of the rotary tool holders 24 are
parallel to the axis of the turret 10. The tool holders 24
are rotatable by discrete spindles 22 which are rotat-
ably mounted in the body of the turret 10 and the rear
end portion of each of which carries one element 74 of
a claw clutch. The clutch element 74 on the spindle 22
for that rotary tool holder 24 which is adjacent to the
rotating workpiece can be coupled to and rotated by a
complementary clutch element 72 mounted at the front
end of a rotary drive shaft 70 which is axially movably
mounted in the housing 12 and is located substantially
diametrically opposite a second drive shaft 56 serving
as a means for indexing the turret 10. The front end
portion of the indexing shaft 56 is rigid with a gear 60
which meshes with an internal gear 62 at the rear end
of the turret 10. |

The turret 10 is rotatably mounted on but shares all
axial movements of an annular bearing member 28.
Two or more ball or roller bearings 30, 32 are .inter-
posed between the body of the turret 10 and the bear-
mg member 28, and the latter comprises a rmg-shaped

piston 34 extending into the space between the cham-

 bers 36, 37 of a double-acting operating cylinder. The
operating cylinder includes an elongated : sleeve-like
portion 40 which is affixed to and extends forwardly of

the aforementioned plate 38 on the housing 12, and a

cap 42 which is overlapped by centrally located plate-

in response to movement of the slide l

10

the axis of rotation of the turret 10 with respect to the
housing 12 (i.e., with respect to the common axis of the
bearing member 28 and cylinder 40, 42). The transmis-
sion ratio of the motion transmitting gear transmission
including the gears 60 and 62 is preferably such that
the shaft 56 must complete at least one full revolution
In order to index the turret through 45 degrees, i.e.,
through a distance corresponding to that between two
neighboring sets of tool holders 20, 24 on the turret.
Thus, and assuming that the transmission ratio of the

> gears 60, 62 is 8:1, the gear 60 must complete eight

revolutions in order to index the turret 10 through
360°. It 1s equally possible to select a transmission ra-

tion of 16:1, 24:1, etc., i.e., a ratio mn:1 wherein # is
the number of posmons of the turret 10 and m IS a

0 whole number including one.
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The indexing shaft 56 is rotatably mounted in a bear-
ing member 64 which is secured to the plate 38 and
extends into the interior of the housing 12. The hydrau-
lic motor S8 can also be mounted on the bearing mem-
ber 64. |

'The means for moving the drive shaft 70 axially com-
prises an electromagnetic M24 having an armature 78
which is connected to a sleeve 79 surrounding the shaft
70. The latter is rotatable in but shares all axial move-
ments of the sleeve 79. The means for rotating the shaft
70 comprises a gear train 71, 73 which receives torque
from a variable-speed prime mover PM, e.g., a varia-
ble-speed d.-c. motor or a prime mover including a
constant-speed a.-c. motor and a variable-speed trans- -
mission of any known design.

- The armature 78 not only serves as a means for trans-
mitting motion to the drive shaft 70 (i.e., for moving
the element 72 of the claw clutch into and out of en-
gagement with the adjacent element 74) but also as a

trip for two limit switches S; and-Sg which are installed

in the housing 12 of the slide 14. The armature 78

‘actuates the limit switch S; when the clutch element 72

engages the clutch element 74 of the spindle 22 which
Is in axial alignment with the drive shaft 70 whereby the
limit switch S; starts the prime mover PM for the shaft
70. The armature 78 actuates the limit switch S; when
the clutch element 72 is disengaged from the adjacent |
clutch element 74 whereby the limit switch Sg com-
pletes a circuit preparatory to indexing of the turret 10
to a different angular pos:tlon with respect to the slide
14. |

‘The housing 12 further confines and supports a
ﬁxedly mounted safety limit switch S, which can be
actuated by a rod-like trip 86. The latter is reciprocably
mounted in the housing 12 and:is depressed by the
body of the turret 10 tc thereby actuate the safety

- switch S, when the piston 34 of the bearing member 28

like cover 44 at the front end of the turret 10. The cap. -

42 is sealingly and non-rotatably affixed to the front
end portion of the sleeve 40. The piston 34 can cause

60

the bearing member 28 to move the ring gear 54 of the

turret 10 into or out of rnesh wnh the rmg gear 52 on

~ the plate 38.

‘The chambers 36 37 of the cylmder 40, 42 respee-

tively communicate with channels 46, 48 which are

moves the ring gear 54 of the turret 10 into mesh with
the ring gear 52 of the plate 38. When the switch S, is
actuated by the trip 86, i.e., when the turret 10 is
locked in a selected angular position, the switch S,

interrupts an electrical connection between the decod-
ing unit 18 and a multi-way valve 88 (FIG. 2) which

~ determines the direction of rotation of the hydraulic

05

connected with a solenoid- operated valve 50 (shownin

~ FIG. 2) by way of conduits 112, 114.

motor 38 for the indexing shaft 56. The connection
between the unit 18 and valve 88 is reestablished when
the turret 10 is unlocked, i.e., when the trip 86 is per-
mitted to move to the left and beyond the position
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shown i1n FIG. 1 under the action of a helical return
spring or the like. . | _

The main function of the control umt 16 18. to insure
gradual deceleration of the motor 58 from a relatively
low speed to zero speed when the turret 10 approaches
a selected angular posnlon with respect to the housing
12. When the motor 58 is started, it ll’lltld“y rotates the
shaft 56 at a high speed; such speed is reduced to the
aforementioned relatively low speed shortly before the
turret 10 reaches a selected angular position, and the
control unit 16 thereupon insures gradual deceleration
of the motor 58 from the low speed to zero speed so

that the turret 10 is arrested at the exact moment when

it assumes the selected angular position. It is preferred
to provide for substantially linear or constant decelera-
tion of the motor 58 from lower speed to zero speed.
The dngular position of the turret 10 1s selected by the
aforementioned programming device. |

The control unit 16 comprises a speed regulatmg
valve 90 havmg a valve member or spool 92 which
constitutes a control element and is movable substan-
tially radially of the indexing shaft 56. The valve 90 is
mounted in the housing 12 and its spool 92 has an
extension which projects from the body of the valve 90
and carries a roller follower 94 serving to track, the
peripheral surface of a rotary disk-shaped cam 96 on
the indexing shaft 56. As shown in FIG. 1, the body of
the valve 90 can be mounted on the bearing member 64
for the indexing shaft 56. The peripheral surface of the
cam 96 has a notch 98 bounded by a surface having a

centrally located portion located at a minimum dis-
tance from the axis of the shaft 56. The surface bound-

ing the notch 98 slopes gradually toward such central

portion so that the spool 92 moves gradually to the
right, as viewed in FIG. 2, when the roller follower 94
extends into the notch 98 and tracks the adjacent por-
tion of the peripheral surface of the cam 96. The valve
90 thereby gradually throttles the flow of hydraulic
fluid through the motor 58 and terminates the flow
when the follower 94 bears against the central portion

of the surface bounding the notch 98. In the position of

FIG. 1 or 2, the spool 92 prevents the flow of any fluid
through the motor 58 so that the shaft 56 is at a stand-
still and the turret 10 is held in one of the eight prede-
termined angular posmons |

. The spool 92 is urged in a dlrectlon toward the cam
96 by a biasing means here shown as a helical spring
102 through the medium of a two-armed lever 104
which can be pivoted counterclockwise, as viewed in
FIG. 2, in response to energization of a disengaging
electromagnet M, whereby the lower arm of the lever
104 stresses the spring 102, The arrangement is such
that the electromagnet M; disengages the follower 94
from the cam 96 as soon as the turret 10 is unlocked,

i.e., as soon as the piston 34 has disengaged the ring
gear 54 from the ring gear 52. The spool 92 then per-
mits pressurized hydraulic fluid to flow through the
motor 58 at a maximum rate so that the shaft 56 begins
to rotate at the higher of its two speeds to rapidly index
the turret 10 toward the next selected angular position.

In accordance with a presently, preferred embodiment
of the control unit 16, the electromagnet M; can shift
the spool 92 to an end position (i.e., the left-hand end
position, as viewed in FIG. 2) in whxch the roller fol-
lower 94 is completely: dlsengaged from the peripheral
surface of the cam 96 even if the latter 1s caused to
move beyond the angular position of FIG. 2 in which
the notch 98 faces the spool 92.
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When the electromagnet Mj is deenergized and the
5p001 92 assumes its right-hand end position as viewed
in FIG. 2, the spool actuates a fixedly mounted switch

- S; which is in circuit with the solenoid M, for the valve

50. The sw1tch S, causes the valve 50 to effect a return

‘movement of the turret 10 to the locked position (gear

54 meshes with the gear 52) as soon as the Spool 92
assumes its right-hand end position (as viewed in FIG.
2) in which the valve 90 arrests the motor 58 and in-
dexing shaft 56. |

‘'The purpose of the decoding unit 18 1s to insure that,
when the turret 10 is to be indexed to the next selected
angu]ar position, the motor 58 is caused to rotate In a
direction to select the shorter of two routes (clockwise
or counterclockwise rotation) for movement of the
turret to the next angular position. Moreover, the de-
coding unit 18 controls the electromagnet M; for the
spool 92 in the valve 90 of the control unit 16. In the
illustrated embodiment, the decoding unit 18 com-

‘prises a battery of four limit switches Sa, S;, S5, S which

are adjacent to discrete cams 108 on a camshaft 110
rotatably mounted in the plate 38 of the housing 12.
The front end portion of the camshaft 110 is coupled
for rotation with the cover 44 of the turret 10 by a key
111 which allows 'the turret 10 to move axially of the
camshaft. The axis of the camshaft 110 coincides with
the axis of rotation of the turret 10, and the camshaft
110 extends with clearance through the axial bore of
the sleeve 40.

The limit switches S;3-S;; of the decoding unit 18 serve

to determine the direction of rotation of the turret 10;
however, in contrast to the construction which 1s dis-

closed in German Offenlegungsschrift No. 2,110,147,
the improved control apparatus need not have any
additional limit switches and/or a relatively expensive
BCD-code system' for determining that position of the
turret 10 (during indexing to a new angular position) 1n
which the higher speed of the shaft 56 must be reduced
to the lower speed. The cams 108 are configurated and
mounted in such a way that they can cause the decod-
ing unit 18 to deenergize the electromagnet M; at the
exact moment when the higher speed of the motor 38
should be reduced to the lower speed preparatory to
gradual deceleration of the. turret 10 to zero speed.
Thus, the component parts of the decoding unit 18 not
only select the direction of rotation of the motor 58 but
also the timing of transition from higher or normal
speed to a lower speed preparatory to bringing the
turret 10 to a standstill in a preselected angular posi-
tion.: Such timing of transition from higher to lower
speed can be effected by each of the four cams 108 in
cooperation with the associated hhmit switch S;, Sy, S5 or
Se. One- of these limit switches (namely, that limit
switch which is to be actuated shortly before the turret
10 reaches the angular position toward which 1t 1s being
moved by motor 58) then deenergizes the electromag-

‘net M, so that the spring 102 can push the spool 92 in

a direction to the right in order to move the roller
follower 94 into contact with the peripheral surface of
the cam 96 on the indexing shaft 56. For example, one
of the cams 108 can simply permit or cause the asso-
ciated limit switch S, S, S5 or Sg to open or to cause a
substantial change in the voltage supplied to electro-
magnet M; and to thereby interrupt the directional
signal with the result that the speed of the motor S8 is
reduced. This can be achieved by causing a lobe of the
corresponding cam 108 to advance beyond the mov-
able portion of the associated limit switch of the decod-
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ing unit 18. This also, causes that the: solenoids M, and
M. for the valve 88 remain energized due to continuing
energization of one of two directional control relays d;
and dy shown in FIG. 6. The holding circuits of these
relays remain energized until the turret reassumes the
locked position, thereby causing switch S, to open.

- The relative positions of lobes of the cams 108 which
are associated with the limit switches S4-S¢ are shown in
| developed view in FIG. 3. The reference characters.

P, 27,43 L1 8Y denote in FIG. 3 the eight angu-
lar positions of the turret 10. The. lobes 1084 of neigh-
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boring cams 108 are angularly offset with respect to '

each other by 45°, i.e., by the angular distance between
two neighboring positions of the turret 10. Each of the
lobes 108a extends along an arc of 180°. Each of the
cams 108 can cause the associated limit switch of the
-decedmg unit 18 to produce two qlgndls |

~The decodmg unit of FIG. 3 has been found to be
especially simple. However, it is also within the purview
of the invention to employ other types of decoding

units, for example, the one shown in FIG. 4 wherein a

single dl'ik-‘%hﬁp&d cam 1108 can cooperate with four

himit smtches SS., SSd,, SSs, SS; whose movable
contacts are depressed or allowed to extend, dependmg
on the angular position of the cam 1108. It is also possi-

for example by reeortmg to the Gray code
The operation: | |

[t is assumed that the turret 10 is locked in one of the

eight different angular positions, i.e., that the ring gear
54 meshes with the ring gear 52. If the turret 10 is to

move to a different angular position which is deter-

mined by the selected program, the first step includes
unlocking the body of the turret from the housing 12 of

the slide 14. The programming means transmits a signal
- to the solenoid M, of the 4/2-way valve '50°so that the

valve member of the latter assumes the position “1%*

which means that the conduit 112, channel 46 and

cylinder chamber 36 are dlsconnected from a source

116 of pressurized fluid (this source may include ‘a
conventional motor-pump aggregate which draws oil or
another hydraulic fluid from a tank T shown in the
lower left-hand portion of FIG. 2). At the same time,
“the valve 50 connects the outlet of the source 116 with

the conduit 114, channel 48 and cylinder chamber 37

so that the piston 34 of the bearing member 28 shifts
the turret 10 in a direction to the left, as viewed in FIG.
1, and moves the ring gear 54 ourt of mesh with the ring
gear 52 on the plate 38. The conduit 112 contains a
check valve 118 which is opened in response to admis-
sion of pressurized fluid via conduit 120 which commu-
nicates with the conduit:114 whereby the piston 34 can
expel fluid from the chamber 36, through the channel

46, check valve 118, conduit 112, valve. 50 and into the

tank T. The armature 78 of the electromagnet M, 55

moves the drive shaft 70 to its retracted position, not
later than when the gear 54 is dlsengaged from the gear
52, i.e., the clutch element 72 is disengaged from the
clutch element 74 of that spindle 22 whlch reglsters
~ with the shaft 70. |

The trip 86 actuates the safety swnch 82 when the
turret 10 is free to rotate, i.e., when the gear 54 is

disengaged from the gear 52 whereby the switch S,
completes that current path by means. of which the

decoding unit 18 effects energization of the solenoid
M, or M, of the directional control valve 88, depending
upon whether the bhortest route for mdexmg the turret
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or counterciockwise. As mentioned above, the valve 88
determines the direction of rotation of the output ele-
ment of the hydraulic motor 58 and hence the direction
of rotation of the indexing shaft 56. The latter may

- constitute the ;output element of the motor §8.

Additionally the- electromagnet M; becomes ener-
gized so that the armature of the electromagnet M,
pivots the lever 104 counterclockwise, as viewed in
FI1G. 2, to stress the spring 102 and to move the valve
member 92 of the valve 90 to the fully retracted posi-
tion in which the roller follower 94 1s completely disen-
gaged from the peripheral surface of the cam 96 on the
indexing shaft 56. The valve 90 then provides a passage
for the maximum flow of fluid from the motor 58 to the
tank T. Therefore, the motor 58 rotates the indexing
shaft 56 at the higher speed which is determined by the
setting of an adjustable flow restrictor 122 in a conduit
123 which connects the outlet of the source 116 with a
port of the directional control valve 88. The turret 10 is
rotated at the higher speed which is assumed to be 1/8
of the speed of the indexing shaft 56. The speed of the
turret 10 1s automatically reduced to the lower speed
shortly before the turret reaches the new angular posi-

tion, and the speed of the turret thereupon decreases
linearly to zero speed which is reached at the exact

moment when the turret assumes the new angular posi-
tion. The signal for a reduction of the speed of turret
10, 1.e., of the motor 58 and shaft 56, is furnished by

the decoding unit 18, and such signal results in deener-

- gization of the electromagnet Mj so that the spring 102

is free to expand-and to push the follower 94 against the
peripheral surface of the cam 96 shortly or immediately
before the one or the other end of the notch 98 reaches
the follower 94. The valve member 92 gradually throt-
tles the flow of fluid from the motor 58 to the tank T as
soon as the roller follower 94 begins to track the sur-
face which bounds the notch 98, and the motor 58 is
arrested when the roller follower 94 reaches the deep-
most zone of the notch 98. The arrangement may be

such that the roller follower 94 engages the cylindrical
portion of the peripheral surface of the cam 96 when
the electromagnet M; is deenergized by the decoding . |
unit 18 so that the speed of the motor 58 is reduced
rather abruptly while the spring 102 rapidly moves the
roller follower 94 into engagement with the cylindrical
portion of the peripheral surface of the cam 96, i.e.,
that the roller follower 94 engages the cam 96 before
the shaft 56 moves the one or the other end of the

- notch 98 into register with the follower.
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10 to the next pm:tmn 19 to rotate the turret clockwnse .ﬁ

~ When the motor 58 is arrested, i.e., when the turret
10 has been indexed to the new angular position the
valve member 92 of the valve 90 assumes its right-hand
end position, as viewed in FIG. 2, and causes the switch
S, to transmit a signal to the soleno:d M,. For example,

' the switch S, can open the circuit of the solenoid M, as

soon as the motor 58 is arrested whereby a spring 51
causes the valve member of the valve 50 to assume the
position “0” and to admit pressurized fluid into the
cylinder chamber 36 (while permitting spent fluid to
flow from the chamber 37 back into the tank T) so that
the piston 34 moves the turret 10 in a direction to the
right, as viewed in FIG. 1, and returns the gear 54 into
mesh with the gear 52, i.e., the turret is securely locked
In the new angular -position. The trip 86 actuates the

safety switch S, when the gear 54 is in full mesh with

the. gear 52 whereby the switch S, transmits a signal to

the means which controls the lengthwise and/or trans-

verse movement of the siide 14 so that the selected tool
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or tools of the turret 10 (e g., the tool 21 or 26 shown
in the upper left-hand portion of FIG. 1) can penetrate
Into the material of a workpiece Wthh 1s rotated by the
work spindle. |

The actuation of safety switch S, by the .trip 86 fur-
ther results in energization of the electromagnet M.,
which causes its armature 78 to shift the drive shaft 70
to the axial position of FIG. 1 in which the clutch ele-
ment 72 engages with the clutch element 74 on the
adjacent spindle 22, namely on that spindle which can
‘rotate a tool which can penetrate into a workpiece in

the particular angular position of the turret 10. The

armature 78 actuates the limit switch S- as soon as the

drive shaft 70 returns to the position of FIG. 1 whereby

the switch S; starts the prime mover PM for the gears
73, 71 provided that the treatment of a workpiece
‘which is to be machined in the newly selected angular
-position of the turret 10 necessitates removal of mate-

-11al by means of a rotary tool (such as a drill, a tapping

tool, a thread cutter or the like). |

The check valve 118 constitutes an optional but de-
sirable feature of the system shown in FIG. 2; this valve
sures that, when one of the channels and/or conduits

develops a leak and/or when the source 116 is out of

commission, the fluid which fills the cylinder chamber
36 cannot escape so that the turret 10 remains locked

1n 1ts last angular position because the gear 54 remains

In mesh with the gear 52.

‘The exact manner in which the turret 10 is indexed to
various angular positions will be understood upon pe-

rusal of the following Examples with reference to the

preceding description and to FIGS. 5-6. The sequence
in which the turret 10 moves to successive angular
positions 1s determined by the aforementioned com-
puter in: BCD-code. To this end, the computer ener-

gizes one or.more relays d,, d,, d3, d, in accordance with

a program shown in the table of FIG. 5. The relays d,-d,
determine the direction of rotation of the motor 58. It
1s assumed that, if the turret 10 is to be indexed through
180° (e.g., from the position “1” to the position § or
from the position 3 to the position 7 — see FIG. 4), the

turret will be rotated clockwise, as viewed in FIG. 4.
This 1s determined by the directional control relay or-

- “right-hand” relay ds of FIG. 6. Such mode of indexing
the turret 10 simplifies the distribution of limit switches
S3-S¢ in the decoding unit 18. The indexing of Turret 10
in a counterclockwise direction is initiated by the ““left-
hand” relay dy. A further relay dg serves to initiate the
unlocking of turret 10 pnor to indexin g to the next
angular position:.

EXAMPLE |

It is assumed that the Turret 10 dwells in the position
1 (FIG. 4) and that the next angular position of the
- turret 1s the position 6. FIG. 4 shows that the shortest

route between the positions 1 and 6 is by rotating the

turret clockwise through an angle of 135°, FIGS. 4 and
3 show that, when the turret 10 dwells in the position 1
(indicated in FIG. 3 by a vertical phantom’line), the
lobe of the single cam 1108 (FIG. 4)) or the lobes 1084

of the four cams 108 (FIG: 3) are disengaged from the
switches S;3-S¢ of the decoding unit 18. In order to move

the turret 10 to the position 6, the computer energizes
the relays d, and d; (see FIG. 5) and the turret lS caused
to rotate clockwise, as viewed in FIG. 4.,

The himit switches S; and S; are connected to the
energy source via the normally closed relay contact d,

and by the normally open contact d, (FIG. 6). The
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switch S, 1s closed so that it connects the “right-hand™
relay d; with the energy source via the normally open
relay switch d;. d; remains energized because its hold-
Ing circuit 1s completed by the safety switch S,. The
relay dg 1s energized at the same time to initiate the
unlocking of turret 10 by disengaging the gear 54 from
the gear 52. The electromagnet M; 1s energized so that
the valve member 92 is fully retracted and allows the
motor S8 to rotate the turret 10 at 2 maximum speed,
e., the turret 10 is rapidly indexed in a clockwise
direction, as viewed in FIG. 4. |

The limit switch §S; 1s open and allows current to flow
to the normally closed relay contact dj. However, the
relay d; is energized and, therefore, there is no flow of
current to relay d, via relay ds.

The turret 10 approaches the position 6 and causes
the lobe 1084 of one of the cams 108 on the camshaft
110 (which rotates with the turret) to actuate the limit
switch S,. The latter deenergizes the relay M; so that
the spring 102 is free to move the valve member 92 in
a direction to the right, as viewed in FIG. 2, and to thus
move the roller follower 94 against the perlpheral sur-
face of the rotating cam 96. This can result in some
deceleration of the motor S8 (because the valve mem-
ber 92 begins to throttle the outflow of fluid from the
motor 38) and the speed of the motor 58 begins to
decrease linearly toward zero speed as soon as the
roller follower 94 begins to track that portion of the
peripheral surface of the cam 96 vwhich surrounds the
notch 98. The direction of rotation of the motor 58
remains unchanged all the way to the very moment of
stoppage because the holding circuit of the relay d;
remains completed due to the fact that the switch S, is
still closed. The holding circuit of the relay d is also
still completed and this relay is connected with the

energy source via switch S,, i.e., the turret 10 remains

unlocked to the very moment when the motor 58 is
arrested. The diodes shown in FIG. 6 insure that the
relay ds cannot energize the electromagriet M.

When the roller follower 94 reaches the deepmost
zone of the notch 98, the valve 90 prevents any further
flow of fluid from the motor 58 to the tank T. The
switch S, is opened in automatic response to movement
of the valve member 92 to the right-hand end position,
as viewed in FIG. 2 (i.e., in response to complete stop-
page of the motor 58), .whereby the relay d; is deener-
gized and the turret 10 is locked in the new angular
position. This results in opening. of the safety switch S,.

"EXAMPLEIN

It is assumed that the turret 10 is to be mdexed from
the position 1 to the position 8. As mentioned above,
the switches $3-Sg of the decoding unit 18 are not actu-
ated when the turret 10 dwells in the position 1 (see the

- vertical phantom line in FIG. 3). FIG. 5 shows that, in
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order to index the turret 10 to the position 8, the com-
puter must energize the relay d4, and FIG. 6 shows that
energization of relay d, entails a connection of limit
switches S; and S¢ to the energy source by way of the
contacts of relays d, to d;. The “right-hand’ relay d; is
energized by way of the limit switch Sg and normally
closed relay contact ds; i.e., the turret 10 will be in-
dexed clockwise, as v1ewed in FIG 4, through an angle
of 45°.

The switch S; is not depressed so that it can apply
voltage to the normally open relay contact d;. Since the
relay dj is not energized (see the lowermost row of the
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table shown 1in FIG. 5) the reluy dy c,annot recewe
current via switch S;, - S

The next- followmg stages of indexing of the turret 10
to. the posntlon 8 take place in the same way as de-
scribed in the Example 1. | S

EXAM PLE lll

[t is assumed that the turret 10 dwells in the position
1 and 15 about to be indexed to the position §, ie.,

through an angle of 180°. Thus, the turret 10 must be '_’I 0

indexed clockwise, as viewed in FIG. 4. In order to
inittate the indexing of turret 10 to the position S, the
computer energizes the relays d; and d; (see the table of
FIG. 5). The energized relays d, and d, apply voltage to
the corresponding terminals of the limit switches S, and 15
S¢. The switch S; is not depressed by the lobe 1084 of
the respective cam 108 and allows current to flow to
the “right-hand”™ relay d;. The switch' S; is also not
depressed and applies voltage to the normally closed
relay contact d;, which is energized and thus insures that 20
the left-hand relay d, cannot be energized. From
thereon on, the indexing of turret 10 to the position S
takes place in the same way as descnbed m the Exam—
ple L |

25

EXAMPLE IV

It 1s assumed that the turret 10 is to be indexed from
the position 1 to the position 3. As shown in FIG. 4, this
necessitates rotation of the turret in a counterclockwise
direction (through an angle of 90°). The computer has 30
energized the relays d, and d; (see FIG. §) whereby the
contacts of these relays apply voltage to the corre-
sponding terminals of the switches S, and S;. The
~switch S; is not depressed by the lobe 1084 of the re-
spective cam 108 so that it applies voltage to the nor- 33
mally open relay contact d;. The relay d;, is not ener-
gized so that the relay d- (clockwise rotation of the
turret 10) cannot be energized. The switch S, applies
voltdge to the normally closed relay contact d; which
energizes the relay dy so that the latter initiates a coun- 40
terclockwise rotation of the turret 10. From there on,
the mdexmg of turret 10 to the position 3 takes place In
the same way as described in the Example 1. |

To briefly review the operatlon of the c:rcult of FIG |
6 in general terms: - - © 4

The switch S, is open whenever the wmdmg M; 1s
| energlzed
The switch S, closes when the turret assumes the fully
- unlocked position—i.e., when the turret has moved
axially to the left 'end,position. The switch S, opens >0
when the turret reassumes the fully locked posi-
tion—i.e., when the turret has moved axmlly to the
right end position shown in FIG. 1.

‘The combined settings of the qwntches 1, 2, 3, 4, in
the current paths of relay windings d, dz, dg, d,, to- 55
gether represent the desired anguldr posrtlon of the
turret. |

The combined settmgs of the switches S.. S., S.;, SB
together represent, In eﬁ'ect the actual angular posn-—
tion of the turret. | 60
~ When the desired turret angular position (indicated

by the combined settings of switches 1, 2, 3, 4) corre-
Sponds to the actual turret angular position (mdlcated
in effect by the combined settmgq of switches S., S, S-,
Ss), then no current flows from the +24 V line through 65
the switches S., Ss, Ssn. Sg.

When the desired turret angu]ar pos:tton does not
correspond to the actual turret angular position, then

3,968,415
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low-magnitude current flows from the +24V hne
through‘ one or more switches §;5-§4 and through- wind-
ings dg, My, and M,

Also, depending upon whether the ehorteﬁt distance
between the desired and actual turret positions involves
clockwise or counterclockwise rotation, low-magni-
tude current from the +24V line will additionally flow
through one or more switches S;-Sq and through either
windings ds, M, or dy, M,. .

This low-magnitude current is of sufficient magni-
tude to activate the switches associated with relay
windings dg and d; or d, and is of sufficient magnitude
to activate the valves controlled by solenoids M, and
Mj. However, this current is too low to activate the
valve 88 controlled by the solenoids M;, M,.

The activation of the valve associated with solenoid
M, causes the turret to move from the locked position.
in FIG. 1 to the unlocked position. |

The activation of solenoid M. causes valve 90 to
move to fully open position, and closes switch S;. How-
ever, the turret does not yet rotate beeause valve 88 1s
still n the neutral position. |

‘When the turret reaches the unlocked position,
switch S, closes. Depending upon whether clockwise or
counterclockwise turret rotation is appropriate, the
switches associated with either relay d; or else relay d,
will be activated. As a result, higher-magnitude current
will flow from switch S, either into the parallel combi-
nation of solenoids ds, M, or else into the parallel com-
bination of solenoids dy, M.,.

Depending upon whether the high-value current
from S, now energizes M, or M,, hydraulic motor 58
will turn the turret clockwise or counterclockwise.

During the rotation of the turret, until the turret
approaches the desired angular position, the discrep-
ancy between the settmgs of switches 1, 2, 3, 4, on the
one hand, and the settings of switches S, S,, S;, S¢, on
the other hand, will continue to exist. |

“When the turret approaches but has not yet reached
the désired angular position, the. discrepancy between
the settings of switches 1, 2, 3, 4, on the one hand, and
the settings of switches 83, S..,,, S5, Sﬁ, on the other hand

disappears.

-Accordingly, current from the +24V line no longer
flows through one or more of swrtches Sa, 4, Si, S to
the various solenoids. |

In particular, high-speed solenmd M, becomes com-
pletely deenergized, as a result of which valve 90 comes
under the control of deceleration-control cam 96. The
turret continues to rotate into exactly the desired angu-
lar position, but at a decreasing speed, as the cam 96

~ effects increasing throttling of the valve 90.

The switch S, had previously been maintained closed

by the energlzatlon of solenoid M. With M; now deen-
‘ergized, S, is maintained closed only by virtue of cam

96. However, as soon as the turret reaches exactly the

destred angular position, the cam 96 causes the sw:tch
| Sl 1o Open | *

In contrast to solenoid M, whtch becomes deener-
gized, as just explained, windings d; and M, remain
fully energized and activated, due to the self-locking
action provided by relay switch dg. Accordingly, the
turret remains in the unlocked position until the turret
reaches exactly the desired angular position. When
such angular position is exactly reached, the switch S,
opens, terminating the self-locking action of winding
M,. As a result, the turret shifts axially’ back to the
locked position of FIG. 2. S
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When such locked position is reassumed, the switch
S, opens, deenergizing whichever pair of windings ds;

M; or dyg, M, was energized, and causing valve 88 to.

reassume the neutral posttion. .
The automatic turret mdexmg operatlen is now com-
plete. - o =

The switch S, Wthh opens when: the turret reas-
sumes the fully locked position of FIG. 1, 1s connected
to a non-illustrated trip device which effects energiza-
tion. of solenoid M,, (FIG. 1). As a result, the dnive

- shaft 70 1s shifted by armature 78 axially leftwards to.
the F1G. 1 position; causing clutch components 72, 74

to ‘become engaged. This: movement of armature. 78
activates switch S;. Switch S; then starts. the prime
mover PM for the gears 73, 71 applies a signal to the
control computer for the machine tool. Upon recetpt of

such signal, the control computer maintains solenoid

M., energized for a preselected time, and causes prese-
lected movements of the workpiece carriage to occur,
for example. Upon elapse of the preselected time, the

control computer deenergizes solenoid M,,, thereby

decoupling clutch 72, 74. Next, the control computer
changes the combined settings of the switches 1,2, 3, 4
in the current paths of relay windings d,, d», ds, d,, and
a new indexing operation is performed.

It will be clear that the control computer for the
machine tool can be a conventlonal step -by- step pro-_
grammer.: . .

The portion of the control computer Wthh aetually
controls the setting of the switches 1, 2, 3, 4 can be a
- distinct circuit, for example four parallel—connected
shift - registers sharing a common clock-signal nput.
The four outputs of the four shift registers are each
associated with a respective one of the switches 1, 2, 3,

4, which may for example be transistor switches. Each.

time the angular position of the turret is to be changed,
the other portion of the control computer applies.one
clock signal to the common clock-signal input of the
four shift registers, thereby effecting a change of the
combined settings of switches 1, 2, 3, 4, and thereby
Initiating the automatlc mdexmg Operatlon descrlbed
above. ~ |
The improved control apparatus is susceptlble of
many additional modifications without departing from
the spirit of the invention. For example, the disk-
shaped cam 96 can be teplaced by other types of cams,
and this cam need not be mounted directly on the 1n-
dexing shaft 56 for the turret 10, e.g., such cam can be
mounted on a separate shaft which is provided in addi-
tion to the shafts 110, 56 or constitutes the shaft 110.
It is also possible to provide a mechanical connection
between the .decoding unit 18 and the control unit 16,
e.g., the switch means of the decoding unit can. be
| -replaced by a system of cams or the like serving to
insure that the follower 94 of the valve member 92 is
allowed to move into engagement with the cam 96
immediately or shortly before the notch 98 begins to
face the follower. The cam 96 can be mounted directly
on the shaft 110 and the shaft 56 omitted, provided that
the motor 58 is designed to directly drive the shaft 100.
The illustrated construction is preferred because the
length of the camshaft 110 can be reduced, 1.e., the

latter need not carry any cams other than those which

actuate the switches of the decoding unit 18.
The drive shaft 70 may be mounted in such a way

that its axis makes an acute angle with the axis of the.

indexing shaft 56. Since the shaft 70 need not extend

‘into the body of the turret 10, 1t can dm{e each such

10

chine .tools, e.g.,

16
spindle 22 which is at the working station in the corre-
sponding angular position of the turret. This constitutes
an improvement over certain heretofore known ma-
that which is disclosed in German
Auslegeschrift No. 1,602,976.

An advantage of the improved control apparatus is
that its parts occupy little room and, therefore, the
body of the turret 10 need not be enlarged for the sole
purpose of accommodating one or more bulky parts of
the apparatus. The entire control apparatus can be
readily installed in, the housing 12 and the only part

- which extends into the turret 10 is the camshaft 110.
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Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features which
fairly constitute essential characteristics of the generic
and specific aspects of our contribution to the art and,
therefore, such adaptations should and are intended to
be comprehended within the meaning and range of
equwalence of the claims.

What.is claimed as new and deSIred to be protected
by Letters Patent is set forth in the appended claims.

1. Apparatus for effecting and controiling the move-
ments of a component to a plurality of successive pre-
determined positions, particularly for effecting and
controlling angular movements of a tool supporting
device in a machine tool to a plurality of successive
positions which are selected in accordance with a pre-
determined program, comprising a control unit includ-
ing a.prime mover which is rotatable clockwise and
counterclockwise at a plurality of speeds, an output
member rotatable by said prime mover, means for
transmitting motion from said output member to said
component, speed regulating means for said prime
mover including a cam driven by said output member,
a control element movable between a first end position
in which said prime mover is free to rotate said output
member at a maximum speed and a second end posi-
tion in which said prime mover is arrested, means for
biasing said control element against said cam, said cam
having a portion which effects a gradual movement of
said control element to said second end position under
the action of said biasing means, and disengaging
means operable to move said control element to said
first end position; and a decoding unit having means for
selecting the direction of rotation of said prime mover
so-as to effect a movement of saird component from a
preceding position to the next following position along
the shorter of two possible routes including clockwise
and counterclockwise rotation of said prime mover and
means for timing the deceleration of said prime mover
from said maximum speed, said timing means including
means for deactivating said disengaging means to thus
enable said biasing means to move said control element
from.said first end position. |

2. Apparatus as defined in claim 1, wherein said
component i1s indexible between said predetermined
positions about a predetermined axis and said output
element is a rotary shaft, said cam being affixed to said
shaft and said control element being spaced apart from
said cam 1n said first end position thereof.

3. Apparatus as defined in claim 2, wherein said
disengaging means comprises an electromagnet which
1s energizable by said decedmg unit.

4. Apparatus as defined in claim 1, wherein said
prime mover comprises a hydrauhc motor and said
speed regulating means comprises a valve having a
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reciprocable valve member which constitutes said con-

trol element.
- 5. Apparatus as defined in claim 1, wherein said
component is indexible between said predetermined,
positions and said output member is a rotary shaft, said
motion transmitting means comprising a transmission
arranged to rotate said component at a speed which is
a fraction of the speed of said shaft, the speed of said
shaft being a whole multiple of the speed of said com-
ponent. |
6. Apparatus as defined in clalm S, wherein said shaft
completes a full revolution for each movement of said

component from a given position to one of the two
neighboring positions.

7. Apparatus as defined 1n claim §, wherein the ratio
of the speeds of said shaft and said compound is mn:1
wherein n is the number of said predetermined posi-
tions and m 1s a whole number including one.

8. Apparatus as defined in claim 1, wherein said
component 1s indexible between said positions about a
predetermined axis and said output member is a rotary
shaft havmg a second axis parallel to said predeter-
mined axis. |

9. Apparatus as defined in claim 8, wherein said
decoding unit comprises a second shaft which is paral-
lel to said first mentioned shaft and is driven by said
component, a plurality of second cams provided on

10

15

20

25

18

12. Apparatus as defined in claim 11, wherein said
component is indexible between said positions about a
predetermined axis and said locking means comprises a
stationary gear and a second gear on said component
sald gears being coaxial with said component and said
operating means including an arrangement for moving
said component and said second gear axially to thereby
place said second gear into or out of mesh with said
first gear.

i3. Apparatus as detmed in claim 12, wherein said
control unit further comprises means for actuating said
operating means to move said second gear into mesh
with said first gear in response to stoppage of said
prime mover.

14. Apparatus as defined in claim 13, wherein said
actuating means for said operating means comprises a
switch which is actuated by said control element in said

second end .position thereof.

15. Apparatus as defined in claim 1, wherem said
component is indexible between said positions about a
predetermined axis, and further comprising at least one
holder rotatable 1n said component about a second axis
parallel to said predetermined axis, a rotary drive shaft
registering with said holder in one of said predeter-
mined positions of said component, a second prime
mover for said dnive: shaft, means for coupling said
drive shaft with said holder in response to completed

- Iindexing of said component to said one predetermined

said second shaft and a plurality of switches adjacent to

and actuatable by said second cams in predetermined
angular positions of said second shaft.

10. Apparatus as defined in claim 9, wherein said
switches constitute said timing means.

1. Apparatus as defined in claim 1, further compris-
ing means for locking said component in said predeter-
mined positions and operating means for engagmg and
disengaging said locking means.
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position and means for starting said second prime
mover in response to completed couplmg of said drive
shaft to said holder.

16. Apparatus as defined in claim 15, wherein said
output member is parallel to said drive shaft.

17. Apparatus as defined in claim 15, wherein said
starting means comprises a switch which is activated by

said coupling means.
K * Ok *



	Front Page
	Drawings
	Specification
	Claims

